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EFFECT OF FUEL IMMERSION ON LAMINATED PLASTICS

By W. A. Crouse, Margie Carickhoff
and Margaret A. Fisher

The effects of cyclic and of continuous immersion in heptane,
toluene, and SR-6, a test fuel, on the weight, dimensions, and flexural
properties of 19 samples of laminated plastics were detemined. No one
sample exhibited smaller changes than all other samples h all proper-
ties for all fuels and for both cyclic and continuous immersion.

The best weight and dimensional stability in the cyclic test was
shown by a glass-fabric unsaturated-polyesterlaminate. The changes in
flexural strength as well as in mod~us of elasticity were losses in the
majority of cases after the cyclic and the continuous immersion tests.

The unsaturated-polyesterlaminates varied widely among themselves
in regsrd to the magnitude of the change in a given property after an
immersion test.

INTRODUCTION

Information regarding the effects of immersion in various fuels
on the properties OF lami&ted plast’icsis needed to evaluate these
materials for use on aircraft and to prepare specificationsfor s-uch
materials as are found suitable for this purpose.

The present report presents the results of tests made to determine
the effects of cyclic and continuous imersion in three fuels on the
weight, dimensions, and flexural properties of 19 representative lami-
nated plastic materials. The cyclic immersion test involved alternate
2&hour periods of fuel immersion and ai=drying. The continuous immer-
sion test involved immersion in the fuels for different periods of time
between 7 and 360 days. Both types of tests were carried out at only
one temperature, 770-F.

In view of the
herein examined are

variability in propefiies to which the materials
generally subject, no attempt has been made to draw
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general inferences
materials relative

regarding the superiority of one or more of these
to the others. -

This investigation, conducted at the National Bureau of Standards,
was sponsored by and conducted with the financial assistance of the
National Advisory Committee for Aeronautics.

MATERIALS AND FUELS

The materials used in this investigation included commercial grades
such as grade C, L, and AA phenolic 1aminates and several experimental
materisls of interest for aircraft application. The experhmtal samples
were as follows: A number of unsaturated-polyester-resinlaminates
reitiorced with glass and cotton fabrics, a cotton-fabric melamine-resin
laminate, a high-strength-paperphenolic-resin 1aminate, a rayon-fabric
phenolic-resin laminate, two experimental phenolic-resin laminates made
with high pressure and low pressure, respectively, using the same grade C
cotton fabric as filler, and a paper-base Iignin laminate.

The materials are described in detail in table I. They were
obtsined in the form of sheets approximately 1/8 inch t~ck.

The fuels used were heptane (an aliphatic hydrocarbon), toluene
(an aromatic hydrocarbon), and SR-6, a representative aircraft test fuel
(a blend of aliphatic and aromatic hydrocarbons). The heptane used was
a commercial q-heptane and the toluene was a technical toluene; both
were supplied by the Phillips Petroleum Compamy. The SR-6 used was a
mixture of di-isobutylene (6o percent), toluene (2o percent), xylene
(15 percent), and benzene (~ percent), and 0.2 pound of aviation gaso-
line inhibitor per 1000 gallons, supplied by the Standard Oil Co. of
New Jersey. The inhibitor consisted of SO percent of n-butyl-paminophenol,
30 percent of isoprowl ~cohol, and 20-percent of anh@rous m=thanol,
and was added in order to hinder the oxidation of the di-isobutylenej a
diolefin, with consequent gum formation.

TEST PROCEDURES

Specimens

The dimensions of the test specimens were 1 inch by 3 inches by the
thiclmess of the sheet. The specimens were machined on a surface grinder
with tap water as a coolant. The leng&h and width were kept to within
*0.00~ inch of the above dimensions. One surface of each sheet was arbi-
trarily designated as the reference surface. The specimens of the cloth
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laminates were cut so that the direction with the greater number of
threads per inch in the reference surface was lengthwise. As all the
paper laminates were cross-ply materialsj the lengthwise direction of
these specimens was arbitrarily taken parallel to one edge. The weight
of the specimens varied from appro~tely 7 to 12 grams.

The specimens which were to be immersed were conditioned for 48 hours
at 77° F and so-percent relative humidity prior to starting the tests.

Weight and Dimensions

The weight was determined to the nearest milligram. The length was
measured to the nearest 0.001 inch, and the width and thiclmess to the
nearest 0.0001 inch. The length was measured at two places, and the
width and thiclmess at three places. The changes in weight and dimen-
sions were determined with two specimens of each material. The changes
in the length and width columns presented in the tables were determined
by taking the mean of the average length changes and the average width
changes.

Flexural Properties

The flexural tests were made in accordance with Method No. 1031 of
reference 1, using the 1200-pound scale of the 2400-pound-capacity
hydraulic testing machine shown in figure 1. The flexural apparatus,
shown in figure 2, has been described in reference 2’. Load-deflection
graphs were obtained in each test on a Southwark-Templin autographic
recorder, which was operated by a Southwark-Petersplastics etiensometer.

The 1- by 3-inch specimens, which were immersed in the various test
fuels, were cut into two 1- by l.$inch specimens for the flexural tests.
Because the test specimens were too shortj’a span-depth ratio of 8 to 1
was used instead of 16 to 1 as prescribed by reference 1. The reference
surface of the specimen was on the tension side during the test. The
radius of the support and pressure pieces was 1/32 inch. The relative
rate of head motion was 0.01 inch per minute.

The flexural strength and the flexural modulus of elasticity were
calculated in accordance with the equations given in Method No. 1031 of
reference 1. The flexural-strength values reported are considered to be
accurate to 1 percent and the flexural-modulus-of-elasticityvalues to
3 percent. All the values for the flexural properties are the averages
obtained tith four specimens except the initial values, which are the
averages for six specimens.

.
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The initial values for the flexural prop=ties were determined on
specimens which were heated in a circulating-airoven at 1220 F for
48 hours and then ’conditionedfor 48 hours at 770 F and sGpercent rela- “
tive humidity prior to test. The changes in the flexural strength and -
the flexural modulus of elasticity as a result of inmersion in the
various fuels were calculated from these initial values.

C&clic and Continuous Fuel-Immersion Tests

Each cycle of the cyclic fuel-hmersion test consists of a 24-hour
imuersion and a 2&hour drying period. The specimens were immersed
individually in 200 ml of test fuel in closed glass containers. Weight
and dimensional measurements and flexural tests were made after 10 cycles
of test and reconditioning at 77° F and so-percent relative humidity for
48 hours.

The continuous fuel-immersion test consists of 7, 30, 90, 180, and
36o days of inmersion. The specimens were immersed individually in 200 ml
of test fuel in closed glass containers. Weight and dimensional measure-
ments and flexural tests were made immediately after removing the speci-
mens from the fuel on one set of spechens and after reconditioningfor
7 “daysat 77° F and 5@-percent relative humidity on a second set.

0

RESULTS AND DISCUSSION’

Weight and Dimensional Changes

The changes in weight, length and width, and thiclmess of the
laminates _rsed in heptane, toluene, and SR-6 are shown in table II
for cyclic fuel imersion, and in tables III to V and figures 3 to S
for continuous fuel hmersion. The samples having changes greater than
*1 percent for weight, *0.1 percent for length and width, and +0.S per-
cent for thickness in the cyclic fuel-immersion test and after 36o days
of continuous fuel imersion are shown in table VI. The data for the
low-pressure grade C phenolic laminate V were not included in the tables
and in the discussion because of its great variability but are shown

. in figures 3 to !5. .

Cyclic fuel-immersion test.- In the cycllc fuel-immersion test

practically all of the weight changes of the samples for all.the fuels
as well as the majority of the dimensional changes for heptane and
toluene are positive. In SR-6 nearly half of the changes in length and
width, and over half of the changes in thickness are negative. The
positive changes indicate that there is some retention of liquid

—.
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accompanied by a slight
changes for each sample

swelling. Considering the magnitude of the
in the three fuels regardless of sign, in the

majority of cases the greatest changes in weight and length and width
of the samples occurred in toluene, whereas in thickness the greatest
changes were fairly well-distributed between toluene and SR-6. The
greater positiw changes obtained with toluene compared @th those
obtained with heptane may be partly ascribed to the greater volatility

. of heptane.

None of the samples showed weight changes in heptane of over
0.S percent, and about one-haJf of them exhibited changes of 0.1 percent
or less. In toluene the cotton-fabric unsaturated-polyesterMate N
showed a change of 2:83 percent. The remainder of the 1aminates changed
less than 1 percent, and about one-half of the samples showed changes of
less than O.~ percent. In SR-6 the laminate N showed a change of
1.54 percent. The re,tider of the samples showed changes of less than
0.35 percent, and nearly half of the samples exhibited changes of 0.0s per-
cent or less. The glass-fabric unsaturated-polyesterlaminate Xhad the
smallest average change for the three fuels, with individual values of
less than 0.1 percent.

The laminate N showed length and width changes of O.11, O.U, and
0.16 percent in hepttie, toluene, and SR-6, respectively. The remainder
of the samples exhibited changes of less than 0.1 percent.

The cotton-fabric unsaturated-polyesterlaminate N immersed in
toluene and SR-6, and the low-pressure grade C phenolic L in SR-6, showed
thickness changes of 2.3, 1.2, and 1.6 percent, respectively. The
remainder of the samples chauged less than 1 percent.

The 1aminate X exhibited the greatest stability and the laminate N
the least.

Continuous fuel-immersion test.- In the continuous fuel-immersion

test the majority of the changes in weight and dimensions were positive.
The changes, regardless of sign, were equal to or higher for the ‘%ested
hmediatelytl condition than for the “reconditioned7 daysllcondition in
the majority of cases. In the majority of cases immersion in toluene
caused the greatest changes. The changes in weight and dimensions, in
the majority of cases, attained their maximum mlues at the 180-day
period. The reduction in the changes during the succeeding 180-day
period indicates that the fuels may have dissolved some of the resin.

It is noted that for a given type of laminate the weight changes
varied considerably among the samples. For example, samples J, I, and W
are all grade C laminates made with the same phenolic resin. In most
cases the changes for sample W for all three fuels are about double the

- ....—.-. .— -—._ ———- -—
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corresponding values for sample J. Among the glass-fabric unsaturated-
polyester 1aminates, samples E and AA exhibited changes higher than
1 percent in each of the three fuels during the course of the 3604Y
immersion tests; sample X at no time changed as much as 0.3 percent.
The cotton-fabricunsaturated-polyesterlaminate H showed changes
roughly one-tenth of those of sample N, a material absorbing greater
than S percent of liquid in each of the fuels.

Shilar behavior, namely, a wide spread in the changes for samples
of a given type of laminate, is evident (table V) in the thickness
changes of the unsaturated-polyesterlaminates.

A comparison of the changes in’the various samples titer 360-&iYs!
immersion in the fuels follows:

(1) Weight changes at 360 days. In heptane the cotton-fabric
unsaturated-polyesterlsminate N and the glass-fabric unsaturated-
polyester 1aminate AA in the lltestedimmediatelyllcondition showed
chauges of 6.60 and 1.M percent, respectively. The remainder of the
samples exhibited changes of less than 1 percent, both when tested
hmnediately and after 7 daysl reconditioning. In toluene more than
one-half of the samples when tested immediately and more than three-
fourths of the materials in tests after reconditioning 7 days showed
changes of less than 1 percent. In SR=6 the laminates N, E, andAA in
the ‘Itestedimmediately] condition and the laminate N in the condition
after 7 days’ reconditioning showed changes of 9.32, 1.30, 1.65.,and
4.34 percent, respectinly. The remainder of the samples had changes
of less than-l percent. ‘TheIignin paper
phenolic laminate J, and the glass-fabric
have the least average weight changes for
ditions after %0 daysi immersion with no
than 0.3 percent.

laminate D, the grade C -
unsaturated-polyesterlaminate X
all fuels and both test con-
individual changes greater

(2) Length and width changes at 36o days. The laminate N in
heptane and SR-6, and the 1aminates F, H, K, and N in toluene showed
changes greater tham=O.l percent. The remainder of the samples exhibited
changes of 0.1 percent or less.

(3) Thiclmess changes after 36o days. The unsaturated-polyester
1aminates F, N, and X in heptane, E, F, N, Y, and AA in toluene, and
N andAA in SR-6 showed changes greater than 0.6 percent in either test
condition or both. The ~mainder of the samples had changes of 0.6 per-
cent or less.

— —
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Changes in Flexural I?roperties

The changes in flexural strength and flexural

7

modulus of elasticity”
of the laminates titer imersion in heptane, toluene, and SR-6 are shown
in table VII for cycuc fuel imnersion and in tables VIII and IX and
figures 6 and 7 for continuous fuel immersion. The laminates exhibiting
losses greater than 10 percent for flexural strength and ~ percent for
flexural modulus of elasticity inthe cyclic fuel-immersion test and
sfter 360 days of continuous fuel immersion are listed in table VI. The
data for the low-pressure grade C phenolic laminate Vwere not included
in the tables and in the discussion because of its great variability but
are shown in figures 6 and 7.

Cyclic fuel-immersion test.- In the cyclic fuel-immersion test

approximately two-thirds of the changes in flexural strength and in
flexural modulus of elasticity are negative in each fuel. Considering
the changes for each sample in the three fuels, it is noted that the
losses are well-distributed among the three fuels. The grade AA phenolic
laminate K exhibited the greatest positive changes in aU three fuels in
both flexural strength and flexural modulus of elasticity, although the
initial values of these two properties for sample K are among the lowest.

Of the 18 samples tested in each fuel, only .!L,none of which were
cotton-fabric phenolicsj had losses in flexura.1strength greater than
~ percent. Two samples, the glass-fabric unsaturated-polyesterlaminate E
and the cotton-fabric unsaturated-polyester1aminate N, had losses gz%ater
than 10 percent in each of the three fuels.

Approximately one-haJf of the materials exhibited losses in flexural
modulus of elasticity of less than S percent in each fuel. Only the
cotton-fabric unsaturated-polyesterlaminate H and the grade L phenolic
laminate J had losses greater than 10 percent in each of the three fuels.

The samples which showed the greatest flexural stability in the
three fuels were the cotton-fabric melamine laminate M, the cotton-fabric
phenolic laminate L, the high-strength-paperphenolic laminate S, the
cotton-fabricunsaturated-polyesterlaminate F, and the glass-fabric
unsaturated-polyesterlaminate AB. The chsnges in both flexural strength
and flexural modulus of elasticity did not exceed ~ percent. Samples X
and K, which showed increases but no decreases greater than the preceding
limits, were considered to have withstood the cyclic imersion test
favorably. The cotton-fabric unsaturated-polyesterlaminate N exhibited

, the greatest changes.

Continuous fuel-immersion test.- In the prolonged fuel-immersion

test most of the changes in flexural strength and flexural modulus of

.

—— —.—.—



8 NACATN 2377

elasticity are negative. Eighty percent of the differences in the per
centage values between the “tested immediately” and “reconditioned
7 days” conditions of test for the three fuels in flexural stren@h and
flexural modulus of elasticity are ~ percent or less. It is considered
that Wferences of this order are not sigrdficant. This indicates that
in the majority of cases the deterioration occurred during the imersion
and that retained solvent in the “tested immediately” condition had
little effect on the strength and modulus of elasticity. Most of the
differences for flexural strength and flexural modulus of elasticity
were approximatelythe same for the three fuels in the two test cond5_-
tions; where there were exceptions, the differences were usually
greatest in toluene. Most of these large differences took place in the
unsaturated-polyesterlaminates.

At no time during the continuous immersion test did any cotton-
fabric phenolic laminate show losses in flexural strength exceeding
10 percent in the three fuels. This was also true of two glass-fabric
unsaturated-polyestermaterials, X andAB, the paper phenolic laminate S,
and the rayon phenolic laminate Z. The paper ad cotton-fabric phenolic
l~ates exhibited the following trend with regard to the flexural
modulus of elastici& in the course of the immersion tests: After
7 daysl immersion the changes were losses, and as the test progressed
the losses decreased with some samples showing gains at the end of the
test. The changes for the cotton-fabric phenolic materials were about
-10 to -20 percent at 7 days, and at 36o days the changes were about
-s to ~ percent.

It is noted that, just as in the cyclic immersion test, the various
samples of polyester laminates varied considerably in their flexural-
strength behavior on prolonged imersion.

A comparison of the changes in the flexural properties of the
various samples after 36o days’ immersion in the fuels follows:

(1) Flexural-strength changes at 360 days. In heptane only the
unsaturated-polyesterlaminates E, N, and Y showed losses greater than
10 ~ercent. In toluene the only samples that showed losses greater than
10 percent in either test condition were unsaturated-polyesterlaminates.
Samples X and AB were the only materials of this type which did not
exceed lo-percent loss. In SR-6 only the unsaturated-polyester lami-
nates E, N, and Y showed losses greater than 10 ~rcent. In each of the
three fuels and for both test conditions, nearly h= of the samples had
losses greater than s percent. The grade AA phenolic laminate K was the
only material that exhibited increases for both test conditions in each
of the three fuels.

(2) Flexural-modulus-of-elasticitychaiges at 36o days. In heptane
none of the samples exhibited losses greater than S percent for either

.
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test condition. In toluene the unsaturated-polyesterlaminates X and Y
showed losses of 1 percent or less in both test conditions. The remaining
unsaturated-polyesterlaminates showed losses of S percent or more. In
SR-6 the only samples that had losses greater than s percent in either
test condition were the unsaturated-polyesterlaminates E, N, andAB
and the Iignin paper laminate D. The phenolic 1aminates K, L, and S and
the melamine leminate M were the only samples that exhibited increases
for both test conditions in all three fuels, and the phenolic laminate K
had the largest increases.

The only sample which exhibited changes not exceeding ~ percentl-
inboth flexural strength and modulus of elasticity after 360 days!
immersion in each fuel was sample J. Other samples exhibiting satis-
factory behavior were the asbestos-fabric phenolic laminate K, which
exhibited positive changes, and the cotton-fabric phenolic laminates L
and W, which showed no losses greater than S percent but whose increases
were more than S percent in some instances. The cotton-fabricunsaturated-
polyester resin laminate N showed the greatest losses in flexural
properties.

SUMMARYOF RESULTS

The following statements summarize the actual numerical results
obtained in this investigation of the effect of fuel immersion on lami-
nated plastics. Since there may be appreciable differences in the prop-
erties of individual sheets taken from the same batch, in different
batches made by the same manufacturer, and in similar laminates made by
different manufacturers, ~ general inferences drawn from these data
about a given type of lammate should be considered tentative.

1. No one sample exhibited smaller changes than all the other
samples in all properties’for all fuels and for both cyclic and con-
tinuous immersion.

2. In all three fuels the weight changes of the majority of the
laminates were less than 1 percent in the cyclic test, and did not
exceed 1.S percent after continuous immersion of 360 days. The largest
weight changes were usually obtained with the unsaturated-polyester
laminates in toluene.

3. With very few exceptions, and those mainly cotton-fabric
unsaturated-polyester samples, the length and width changes after either

%hanges in the flexural properties of less than s percent are not
considered significant because of the variability of the material.

._—.— — - —-———-——— -—-—— -.



10 NACATN 2377

the cyclic or the 360-day _rsion in the fuels did not exceed 0.1 per-
“cent. In both types of test the changes in thickness were, in the
majority of cases, less than 1 percent. The exceptions occurred mainly
in the 360-daY immersion test for several unsaturated-polyesterlaminates
in toluene.

4. The best weight and dimensional stability in all three fuels in
the cyclic test was obserwd with the glass-fabric unsaturated-polyester
laminate X.

s. After the 360-day immersion test, the weight and dimensional
changes were, in the majority of cases, higher for the samples when
tested immediately as compared with measurements after reconditioning
for 7 days.

6. The changes in flexural strength for the cyclic test and after
the 360-daY immsrsion test were, in the majority of cases, negative.
However, the losses were less than 10 percent for samples except some
unsaturated-polyesterlaminates. For the latter samples in the 360-daY
test greater losses usually occurred in toluene than in the other fuels,

7. The changes in flemml modulus of elasticity were, in the
majority of cases, negative in the cyclic and the continuous immersion
tests. In the cyclic test no losses greater than 10 percent were shown
by the samples except one phenolic laminate and several unsaturated-
polyester samples. After 36o daysr immersion no losses greater than
10 percent occurred except for some unsaturated-polyesterlaminate
samples in toluene or in SR-6 or in both.

8. The unsaturated-polyesterlaminate samples varied widely among
themselves in regard to the magnitude of the change in a given property
after the immersion tests.

National Bureau of Standards
Washington, D. C., Febiua~ &, 1949
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RmOllc; a3bti0s falmio

K i O:AJ 1.3J 0:* lJ; O:J; l:SJ 1.3J 1;? ;.7CJ1:% log 0.8J o:~ LSJ 0.911
r . . .%

twamlne3 cotton fahric

H -i O.N 0.55 0.28 0.82 0.3 o.% 0.64 0J2 1:$ 0..!%O:AJ0.5J O:JJl.lJ 0.98
r .g .20 -.10 .% . .12 . -.50

—
w

T0.09 O.’ai.M .21

turatad~

T-o.obOMI-SiI J@

restar;.cotton

TG-0.2 0.661.3

‘abrio

1.1111.19 Ia.350.I.20.18-0.Q9O.n -0.03
.52 .5Q 2.72 .12 .12 -.11 .55 -.o11

:; ::g 1:X .: .% 0.031.18 .Q
. . .93 .36

10.82lIA6 111.22I@ 6.55 0.268.81J9.32
11.775.65 5.591.261.58 lAO &.72 hdl

‘ah-lo

i
r

.111 .28

.2o .26
.13 .8C
.OJ .6C

i
r

--Lla.285.211
.YJ .85

1
r

1.85 k.c6
.20 .h9

6.

71
7.cn9.lk

.521.63 3.M

unsaturatedp Lywt9r; glass

I
iO.11 0.22
r .ti “.X2

i .ti .Ck9
r -O& .C%

i .17 .38
r .02 .03

i 1.201.95
r -.I.11-.15

i .13 .22
r .07 .I.l

n0.25 O.hb 0.522.n
.12 .20 .3o .63

.CM .@ .@ .20

.03 .05 0 .15

.23 .32 .32 .5L

.ti .@ .02 .3.l

.951.I.E1.a6 2.92
-.20 -.C% -.I.o .18

0.281.16
.12 .20 -4I0.3!I0.h6 2.35

.x l.cf
3.7:
1.62

6.8(
2.2t

Il.%
1.7C

1.30
.79

.07 .L5

.ti .U1 ‘4 I.09 .U
.03 .@

.0-!

.@
.a
.15

.IJ

.I.l
.lo
.08

.18 .32
--oh -u

IL
.3? .5!

-. .C$ A

1. 1.26 2.M
-. .@ .2(

.18 .28
X.9 .111

.77
S

1.111
.85

l.’a
l.d

.!3

.3L

.351.96
-.16-d

3.21
.9

&.x
1.17

3.%
.*

1.65
.72

.34

.Oh
.26 .52
.a2 .20

.55

.3
.7E
.16

.26

.09

%, t%fid lmediately;r, taskxlaftermwndltimirq fnr 7 days at W F
m-i S&percent relativehmldlti. =w=

— —— —
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TAIUEIV.- 0E4NUESIN73WSTHANDHIOTH 0FLM03WSD FMSTICS AETKSOO&HtW3US ~IOM

.!

.

Mmlnlta

IMsEPrAm3,’foLums,ANDsE-6FcEL ErJnul

@& ml. i. basedm amrage for two.p801m.riq

Chmge(P8rcent).fter Ohaoge (pment) .fter w~wd~t~~r
itmamion h tirsion 5m

Ulmn heptam for - t.oluenefor - S+6 for -
tastall

(1) C&o C& & z ES d. .& & gs $. C& Zs ‘w &m8 %8

I&tin paw
I

) i -0.03O.cij0.01 0.110.030.o1 0.03-0.01 O.caO.ohto. 0.o1-o.o10.09 0.01
r .03 ..05 CU .G9 .a? .03 .Ck5-.CQ .lo .CQ . .O1 .09 -.o1

Fh8ncMc: high+trengtbpapr

: i o 0.01 0.o1OJ%0.030.o1 0 0 O.@’ o.a2 O.o1 O.a? O.m 0.05 0.o1
r .02 .al o .09 .C% .02 .03 .O1 .06 .@ .Ln .O1 -.03 .07 .03

3 i o -.o1 -.02 .02 .05 .02 .O1 .a? .0s .IM .03 0 0 .05 .02
r o .O1 .O1 .C6 .03 .02 .O1 .a? .050 .Ca o .02 .O11 .02

J (G’& L)

t (Sr8deC)

i (gradec)

—
i
r

i
r

1
r

L (gradeC; lam pre-) i
r

Fh8n01i03oottanfabric

O.cnO.o1 0 0.100.03 0.o10.0110.o10.11O.ti
.(X2 -oh .02 .I.2 .C& .02 .05 -.o1 .12 -as

-.o1 .O11 .02 .lz .@ .02 .03 -.OIJ .lz .02
.03 .03 0 .09 .03 .C41.0!!-.o1 .13 .03

-.01 .02 .O1 .ll .& o .03 .O1 .13 .Ob
.a? .(2J-.03 .I1 .& .03 .05 .O1 .n .02

0 .03 0 xl .O1 .01 .02 -.CQ .13 .03
.OI1 .03 -.o1 .ll .dl .OI1J% -.OIJ .10 .02

Fhenolic;rayonfabric

z
I

i -0.020.01-0.010.07 0.(?50.010
.a2 .02 -.ol ,07 .@ .03 .U2 :

0.090.011
r .a .03

Fimndlo; asbuta fabric

K
I

1 -0.010.01 0.03 O.@ O.@ O.I.O0.03 O.ti0.18O.1.h
r .020 -.01 .0s .03 .Ol$ .07 .03 .16 .3.b

III
o -0.01-0.010.07
0 .O1 0 .09

.O1 .O1 -.
.I12 .Ck%

.02 .O1 -.02 .lz

.05 .Ob -.03 .09

0 -.o1 -a? .I.2
-.o1 -.@ .Cb9

O.o110 o.a2 O.ri
.02 ,01 ah .10

0.03
.03

.O1
0

.O1

.O1

.02
-.o1

o.a2
.a

0.07
.10

Heladm3; cott-m fabrio

H i 0.090.03 0.03 0.03 0
.01 .a? -.0

0.I.2O.(TI
r .(2$ .02 .02 .05 -.01

Unsaturatedwlmstur: oottinfabrio

F

H

N

i
r

i
r

i
r,

i
r

i
r

1
r

i
r

1
r

o O.ti -o.

7
0.070.01 0 0.09 0.070.15 0.27 0 0.03 0

~

13.1:
.O1 .@ . .090 .O1 .@ .O11.13 .15 0 .02 -. .IJ

o
.Ob :: -:: :2 :% :2 :$

.~ .29 .17 .03 .03 .CQ .I.E

.0.2.24 J3 .02 .O1 .02 .l.t

.09 .09 .13 14.23 .25 .37 .55 :~ .O& .$ :$3 .% .36 .5E

.Oh .@ .07 .15 .26 .02 .26 . . .15 .23 Al/, ,
Umatnrated p01ye&r3 sl.a.eafabric

o .U2 .0

-.(U .03 -.141111111.02.01 .01 .Cil-.o1 .M .05 -.

+11
-a? o .ol

-.01 .O1 . .O11.09-.010 .02 .@ .05 .(x -.IX .O1 .0:

-.01-.02 0 11111.O11.03-.010 14111.02.05.C6 4.01 0 -. .(x
000 .02 .@ -.CU o .02 .0 .05 .Cn .01 . .0:

.O1 .O1 0 .6 .O110 d .O1-.

.02 .O1 -.0 .C6 .03-.030

—
-o.a?

.@

.0s

.07

.%

.112

o.oJ/
.0:

.0[
-. G

.a

.01

%, testedimdiatily; r, t%et.dafta r.mnditlordngfor 7 daysat ~ F
ulJ!wpmt mlatim bmidi~. =wZ=

—.—- --——— —.-— .—— -— ——. - . —.
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TABLEv.- csumEsIn TSICIQ=SOF L4KmATm PLEil’IcsAFTERccmINuom IHmssIo+l

IN liZP’ME,TOLUKNK,AID SS-6FtH. SLMD

[sadvalm isWed on averagef. two spmlmna]

ohange (pi-cant)after change(pmnt) .9ft.3r Change(percent)aftar
immrslon h im.msion in Imarslon in

~te
Mhm heptam for - tolnenefor - SS-6 for -

tastd

(1) C& 2.9 !=& 2s ~s &s & d% z 28 & d% & &&’ c%

-w ,
D i -0.1 0.1 0 0.3 0 0 0 -0.2 0.3 -0.1 0 0.1 -0.1 0.3 -0.:

r .1 .2 .2 .2 .1 .1 .2 0 .h -.1 .1 .2 -.1 .ll-.:

~c; u~h papr

c i -q 0.1 0.2 0.5 0.3 0 0.3 0.1 0.110.2 0.2 0.1
r -. .1 .2 .2 .3 .1 .ll .2 .5 .2 .3 .3

s i -.1 .1 .1 -k .2 .1 .2 .1 .2 .1 0 0
r .1 .2 .1 .3 .5 .2 .1 .1 .3 .2 J .1

J (~ L)

I (SZTKIOC)

u (gradec)

—
o
-. 1

.1
0

TO:f o
.1

A o
.3 .1

RmOlic; aotton fabric

1 -0.2 0.1 0.1 0.1 0 0.1 0 0.3 0.2 0 0.2 0.2 -0.2 0.2 -0.1
r o .2 0 .1 .1 .1 .2 .2 .3 .2 0 0 -.2 .1 0

i -.1 .2 .1 .2 0 -.1 .2 -.2 0 “o .1 .1 0
r .1 .1 0 .2 0 0 .2 0 .2 0

.3 -.1
.1 0 -.1 .2 -.2

1 0 0 0 .1 -.1 0 .2 0 .1 .2 0 .1 -.1 .3 0
r o .2 .1 .1 0 .1 .2 0 .1 -.1 .1 0 -.1 .3 -.3

i o .1 0 .2 0 -.1 .1 0 .2 -.1 .1 .1 0
r o .1 .1 0 -.1 0 .1 .1 .2 -.1 0 .1 -.1 :: ::;

FkamM.cJ rsyonfaim-k

z i -0.1 0 0.1 OA 0.3 0 0.3 0.2 0.3 0.3 0
r

-0.1 0.1 0.2 0.1
0 .2 .1 .2 .3 .2 .1 -.1 A .2 .1 .1 .1 .2 .2

RIenouc; asbestm fabric

K i o 0 0.1 0.1 0.1 0.2 0.2 0.11 0.3 0.110.1 0.2 0:1 0.2 0.1
r o 0 .1 .2 -.1 .1 A .1 .5 .3 .2 .2 -.1 .1 .’2

Helamine;ootton fabrio

H i .1 0.1 0 0.1 -0.1 0 0.2 0 0.3 0 -0.1 0.1 -0.1 0.2 0.6
r o 0 0 .2 0 .1 .1 0 .2 -.1 0 0 0 .2 -.6

-rF 1
r

H i
r

H i
r

-turatedpdyestar;

III
-0.2 0.1 0 0.3 -0.7
.1 0 0 0.1 .2

0 .2 -.2 0 -.1
0 .1 -.1 0 .1

1.0 .7 .7 .7 .8
-.1 .7 0 .7 .3

wttxm fabric

n

0.6 1.3 1.2 0.6
.2 .3 .I$ .b

o .2 .1 .5
-.5 .2 0 A

3.6 4.8 8.0 7.1
1.5 3.2 5.0 5.7m:.: 0.1 0.1 .1 0.3 -0.3

.1 .2 0 .2 -A

.2 .1 .1 .3 .1
0. .1 .1 -.2 .3 0

1.5 3.2 3.7 l/.2 3.6
1:6 .7 1.7 2A 3.8 3.1

Unsaturated17dYestal-:U1.assfabi-lo. . . -

E 1 -0.1 0.2 0.1 -0.1 0 0.1 1.9 11.b 7.9 7A o 0.1 0 0.5 0.11
r -.1 .2 .1 .1 .1 -.1 1.2 3.0 l/.911.5 .2 .2 0 .2 .3

x i -.1 0 .2 0 1.0 0 .1 .1 .6 .3 -.2 .1 0
r 2 .2 .IJ .8

.1 -.1
-. .1 -.2 0 .1 .5 .2 0 -.1 0 0 -.1

Y i .1 0 1 .3 0 1.0 .2 .6 1.2 1.0 0 .3 .1 .3 .1
r .2 0 ;. J! -.1 .1 .8 .1 .7 .8 -.3 .2 0 .2 .2

A i .1 0 .1 .2 .1 1.2 1.9 2.2 2.7 2.7 .2 .I1 .6 .9 .2
r .1 0 0 -.1 0 .3 .7 1.3 2.3 1.9 -.2 .3 .3

B

.6 1.5

i o .1 0 -.1 0 0 .1 .1 .3 1 .1 .1 .2 0
r o .2 0 .1 -.6 .2 .2 -.1 .2 0. ::; .2 0 0 -.2

%, tistad~bly; r, testedafhr recondltlordrqfor 7 days at 77° F
and *percent Ialatim humidity. -=5=

.

.—.— —-
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TAHLE VI.- LAMINATEDPLASTICS

VALUESAFTER IMMERSION

o

WITHCHANOESIN PROPERT~SGREATER

Ih HEPT4NE,TOLUENE,AND SR-6FUEL

17

THAN mm

DLEND

l-Lettersare decimationsfor laminatestestedas shown
in tableI. ~cause of its variability,the phenolic
laminateVwas notinc@iedinthis surmnary~

Test condition Heptan? Toluene SR-6

Weight(>*l-percentchange)

Cyclicimmersion N N
Continuousimmersion,36o days
Testedimmediately N,AA E,F,H,K,N,Y,~ E,N,AA
Reconditioned E,F,N,Y N

Lengthandwidth(>*0.1-percentchange)

Cyclicimpersion N N N
Continuowimmmsion,360 days
Testedinurtediately N“ F,H,K,N N
Reconditioned. N F,H,K,N N

!l?hichess(>@.$percent change)

Cyclicirinnersion~ u N,AA I,L,M
Continuousimmersion,36odays
Testedimmxliately F,N,X E,F,N,Y,AA M,N
Reconditioned AD E,F,N,Y,AA M,N,AA

Flexural strength(>-lo-percentchange)

Cyclicimersion E,N E,N E,N
Continuowimmersion,360 days
Testedimmediately E,N,Y E,F,N,Y,U E,N,Y
Reconditioned E,N E,F,H,N,Y E,N,Y

Flexura.1modulusof elasticity(>-$percent change)

Cyclicimmersion CDEHIJNZ&l E,H,J,N,W,Z,AAH,I,J,N,W,Z,AA>>>> >939
Continuousimmrsion,360 days
Testedimmediately E,F,H,N,U,AB E,N,AB
Reconditioned . E,F,H,N,AA D,E,N

~.———.—...— — —— —.—.— --——- . .
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.
TAmEvII.— cHANoKsINFmxuRAL PHoPERl!IKsOF LAMIWED PLASTICS

AFTEH CYCLIC PUEL-IM?ERSION TK.Sf

[i.achoycleof teat conaiataof ati-hrlmeraion anda2@mdr@ ngpetiod. Flaxuralteat8
were made after 10 cycles of teat and reconditioning at l’~oF and S&peroent relatlve
humldi~ for 48 hr~

Change (percent) in Change (p9ment ) in

@Ltial flaxorti flaxoral atrangth ~:yti:y flaxtlralmodulue of

Iad.nata strength in-
(2)

alaeticity
elaaticl~ ti -

(psi) (psi)
(2)

(1) (1) Heptane Toluene SF1-6

Li@-n paper

D 23.5 * O.).IX 103 -7 -8 -3 1.92 * 0.05 x id -10 + -4

Phenolic; hi@+tmn@I papr

c 35.1* 0.4x d 4 -7 -92.57 * 0.03 X $ -8 -5 -4

s 33.7*0.3 -2 -2 -1 2’.47* 0.01 -l.! -5 .-1

PhenoUc; cotton faku-ic

J (grab L) 17.b * 0.2 X ld 3 3 1 1.12 * O.ob x 106 -13 -11 -12

I (grade C) 22.9 * 0.3 -2 -2 -1 l.a * 0.02 -8 -3 -6

H (grade C) 20.7 + 0.2 8 3 -1 1.20 * O.(M o -lo -7

L (grade Cj low presaora) 20.7*0.1 5 2 2 1.02 * 0.03 -4 2 1

Phenolic; rayon’fabric

z h6.L * 0.5X 103 -2 -3 2.22* ().@’x 106 -9 -9 -7

PhenoMc; aaimatos fabric

K 9.0 * 0.1 x 103 19 9 0.99 * O.c% 7.106 5 10 10
I

?k&m&mJcotton fabric

H 25.4*0.6x ld -2 -3 1.62 i 0.02 X 1~ . -3 2 1

Unsaturated polyester; cotton fabric

F 3.6.1* O.11x 103 -1! -3 ‘4 o.n io.02 x Id -2 -1 2

H 13.1 * 0.1 -4 -3 -6 .67 * 0.02 -ill -12 -12

N 12.1 * 0.2 -3.2 -19 -20 .115* O.OL -0 -22 -L6

Unsaturated pc.lyeater; glass fabric

E 3.1 * 0.1 X ld -13 -G -U 1.8).*o.i3bx 106

x U.2 * 0.3 2 5 5 1.68 * O.o1

Y 3.5* 0.2 -6 -5 -II1.1111* 0.02

L& 20.3 * 0.9 n o 4 1.82 * 0.05

B 56.5 * 0.9 -3 3 1 2.86 i 0.02

lE.achvalue ia average for six spclmena. AccnqawQ pl.neor time
... . .

-9

4

2

-6

0 1-17 1

69

1 0

-10 -8

-3 1

-

—— .
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TA8M=.- C~JNFI=OFUL8EZWOE3 OF LmmArEo PLAsTm9 AImammm30u9 IKmBmi

ruE!EPrArL3,ToLlmi%,Alins8-6PJKLm

-*gm*~- -~y~-r -k=~-
Initlal
n-d Hhan

kmptuw far - t.dw for - S-6 for -
Imminata ymlJp tedad (a) (3) (3)

7 30 w M 3$3 7 m 90 lb 360 7 x w
(1) (2) (kg.@a @ye dga *. daysday.ClfLyalib’.dws m dys m

w *r

D 23.5& o.h X 103 i -3 “-6 -II -6 -3 -6 -5 -7 0 a3 -6 -5 -5 -6
r -8 -9 -7 -3 -3 0 -6 4 -; -2 -6 -1 =2 -5 -6

~J w~ PF

u 35.1* O.11x d i -5 -6 -9 -17 -9 -5 -7 -7 -9 -5’ -5 ; -6 -n -9
r -9 -1 -5 -7 -7 -& -3 + -lo -9 -u -7 -lo -9

8 33.7* 0.3 i -b -9 -3 -2 -2 0 3 -6 -3 -3 -5 0 -3 -h -3
r -7 -6 -6 -1 -2 -2 -6 -5 -3 -3 -3 -3 -3 4 -7

R9mlio; mtti fabrio

J (@wle L) 17.11* 0.2x I.cJ i -1 1 -1 -1 -1 1 3 2 0 -2 2. 5 -6 2
r 1 0 ‘-l -5 -1 1 0 1 1 -1 -1 3 0 -; 1

I (~ c) 22.9* 0.3 i -lo -9 -2 4 -5 -3 -3 --6 -5 4 -2 -3 -7 -7 -f
r -5 -3 -1 -7 -5 0 -2 -6 -3 -6 -2 * -5 + -7

w (gradec) 20.7i 0.2 i 4 -1 -7 -1 4 -3 + -2 -2 -L 1 -6 * -1
r -2 2 -3 0 -1 -3 -3 -1 4 1 3 -2 -3 -5

L (EI=JOOJ LYH FCW-) 20.7* 0.1 i -2 -2 -1 3 2 -1 1 2 1 -II -1 -1
r -7 -1 10 1 1 -5 : 1 1 1 73 : 1; 1 -1

Fi@nOliojraym faklo

i? ~.4 * 0.5x 103 i : -lJ -6 -3 A -8 -5 -6 -5 -5 -3 -3 -3 -6 ~1
r -2 -lb -2 + -2 -3 -5 -h -h o 0 -5 -5 -7

F?bwlllcJmbd.os fabric

K 9.0 * 0.1x 3.03 ill 11 & u 13 13 ’21 1.8 20 1.8 : g g : 11
r n 8 17 20 10 13 11 l!l 9 a 5

neb.dme; Cdl.Onfatmlo

H 25.b *0.6 x u+ i -b -5 -6 -2 -7 -3 -b -7 -6 -b -6 -7 -5 4 -7
r -7 -5 -8 -lJ 4 -2 -5 -Xl 4 -6 -4 -8 -3 -5 -1

unsaturated@.y0nt4rj cottm fabrio

F 3.6.1*o.11x @ i -3 4 4 1 -II -6 -U -13 -5 -w -1 -1 -1 -9 -:
r -6 -7 4 -2 -5 -2 -2 -u -5 -20 -15 -9 -u. -7 -i

E 13.1* 0.1 1 -3 -6 -3 -2 -6 -5 -3
r -b -5 ~ 4 -9 -1

-7 -11 -(
-: :? 2 -: $ -1 -5 -7 -(

E 12.1 * 0.2 i -19 -29 -19 -9 -17 4 -37 -3h -la -M -32 40 -37 -36 -3
r -17 4 -17 -7 -3.6-34 -28 -N -311-30 -22 -30 -23.-29 -A

mm titratedp lyestaq glassfabrlc

E *.1 ● 0.1 x 1.03 i -32 -13 -21 -28 -lb ‘-15 -32 -M -53 -5a -16 -15 4 -27 4
r -12 -Iz -lb -22 -lb -u 4 -35 4 -38 -13 -12 -27 -20 -25

I I!l.2* 0.3 i L -2 5 II -2 -6 -3
~ -5 : > 7

7
r 7 II -1 -5 -2 ;

s ~ -j -:

Y 3&.5* 0.2 i -1.1-lo -u! -9 -13 -11 -13 -M -21 -20 -n -u -15 -15 -1(
r -u -e -U -8 -lo -3 -9 -17 -ti -20 -7 -7 -u! -u -u

LA 20.3* 0.9 i -2 -3 -3 k < ~ -~ -lj -20 -18 1 8 -3 -7 4
r 5 9 5 5 -7 -lo 3 7 -h -3 -1

m 56.5* 0.9 i -II 1 -g 4 -9 -5 -i -7 -7 -7 -3 0 -8 -6 +
r -5 1 -3 -2 -lo -5 -2 -lo -7 -lo -2 -1 -a 1 -!

1~~ tiw in avm-a.gef~ * ~- A@xmp@ng plTMor - tiuO 18
abmlard error.

?L, t.estwllmmdia~j r, tentedaftir.amditiming for 7 @y. at W F and
v

.%+.mMnt mlatiw hmkllty.

?E-mhvaluei. baredon avem.goforfourspaimm.

.—.— -—- .— —. ——
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Initialflexm—d
tins Of

LIdnata dnstiaity
(@)

I (1)

Nhm
tafltad

(2)

-&mmp&* - (~t) tir C* (pm~) after
imerdm in inm4tif: y

hepti for - blame for -
(3) (3) (3)

30 m ml w 7
d& *. duyaCluysclapdwspiws w. daya

- Pwr

D 1.92* 0.05x

~

i -8 -lo -Ill o -1 -lo -1.1 0 lb II -13 -3 1 0 -1
r -n -9 -2 -6 3 -12 -L -2 6 3 -lo 9 -5 -2 -lo

c 2.57* 0.03x lC+ 1 -8 -u -lo -lb 3 -5 -u -5 3 II -9 -8 -2 2
r -9 -lo -II -1 2 -9 -8 0 -2 -1 -lo 7 -5 0 -:

s 2.k7i O.01 i 6 -6 -1 -1
z -;: -i : 8 -6 2 0 -1 i

6 t
r :; o :: ; 5

J (m L) 1.!L2* O.o!lx 1

I (Sr=dec) 1.24 ● O.a?

w (gradec) 1.20* O.oh

L (~de C; M presmm) 1.U2 * 0.03

FbraIlL03 high-drergth papar

mecdic : cottonfahi-io

i -2U -lb -9 < -2 -M -u -IJ 1 0 -1.4
r -u -M -5 1 -13 -u -2 -6 2 -la

1 -22 -17 0 -13
-ill -0 ; :

-9 -6 4 -1 -lC
r o -3.0 -6 0 0 2 -IA

i -15 -8 -2 -Ill -2 -17 -19 -3 -u o -12
r -15 -u -9 -9 -2 -M -1 -3 -5 -5 -16

1 -5 -b : -5 L -3 4 3 8 ‘6 4
r -7 -5 7 0 -lo -3 IJ 1 7 -7
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of laminates, see tableL
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